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[SPECIFICATION] 

[TITLE OF THE INVENTION] Manufacturing method and its apparatus of grain 

shape silicon 

[CLAIMS] 

(1) In manufacturing method into which source gas which becomes fluidized 
silicon particles from silane gas, chloro silane gas, or these mixed gas is 
contacted, silicon formed by hydrogen reduction of this source gas or thermal 
decomposition on the above-mentioned silicon particle surface is precipitated, 
and silicon particles are grown up, silicon particles heated more than thermal 
decomposition temperature of source gas are led to non-heating region by 
which wall-surface temperature was controlled below at the above-mentioned 
thermal decomposition temperature, and are contacted with the above- 
mentioned source gas in this region. 

Manufacturing method of grain shape silicon characterized by the above- 
mentioned. 

(2) Manufacturing method given in 1st claim by which wall-surface temperature 
of the above-mentioned non-heating region is controlled at 450 degrees C or 
less. 

(3) In manufacturing equipment equipped with reaction vessel, means which 
carry out heat fluidization of the silicon particles with which inside of this vessel 
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was filled, and supply means of source gas, this 

inside of vessel is divided by heating part and non-heating part, and supply 
aperture of source gas is arranged by this non-heating part. 
Manufacturing equipment of grain shape silicon characterized by the above- 
mentioned. 

(4) Apparatus given in 3rd claim with which forced-cooling means or cool means 
is prepared in the above-mentioned non-heating part. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[TECHNICAL FIELD] This invention relates to manufacturing method and 
manufacturing equipment of high-purity grain shape polycrystalline silicon with 
high silicon yield. 

[PRIOR ART AND PROBLEM] Nowadays semiconductor silicon, it lets silicon 
rod with which it became red-hot in reaction vessel contact source gas which 
uses trichloro silane (SiHCb ) and monosilane (SiH4) as component, and it is 
thermally decomposed. 

Or hydrogen reduction is heated and carried out with hydrogen gas. 

It manufactures industrially by method of letting this silicon rod surface 

precipitating formed silicon. 

However, mostly, by this manufacturing method, there is little reaction area and 
there is problem on which energy cost increases. 

Then, it replaces with the above-mentioned manufacturing method, and silicon 
particles which carried out heat fluidization are utilized. 
Thermal decomposition or hydrogen reduction carries out source gas. 
Manufacturing method which lets this silicon particle precipitate silicon which 
this produced is tried. 

However, in conventional method using this silicon particle, it is easy to 
precipitate formed silicon to inner peripheral face of flow reactor, and problem 
which Impurity mixes from wall surface at the same time yield falls is pointed 
out. 

Moreover, silicon particles sinter near wall surface, and fine powder of silicon 
occurs, and there is also problem which reaction vessel blockades. 
Disadvantage seen by conventional method using silicon particles originates in 
temperature of furnace wall being higher than temperature of heated silicon 
particles with which flow reactor is filled. 
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In result whose furnace wall temperature is 

higher than temperature of silicon particles, silicon precipitate reaction of source 
gas advances preferentially in furnace-wall surface. 

As means to solve the above-mentioned problem, it is possible to heat silicon 
particles directly by high frequency heating, and to maintain temperature of 
silicon particles of furnace interior more highly than furnace wall. 
However, when high frequency wave is impressed to particles of fluid state, 
danger of spark occurring are among particles. 

Moreover, temperature control is also very difficult in order to vary with 
differences of impurity temperature also with slight electric resistance of silicon 
particles significantly. 
[Means of problem solving] 

In the method of this invention, inside of flow reactor is distinguished to heat 
region of silicon particles, and surface of action with source gas, after heating 
silicon particles in heat region more than thermal decomposition temperature of 
source gas, this heat silicon particle is led to non-heating region, wall-part 
temperature of this region is controlled below to the above-mentioned thermal 
decomposition temperature, and it is made to contact with source gas. 
Thereby, silicon precipitate by reactor inner wall face was prevented, and 
conventional problem was solved. 



[CONSTITUTION] According to this invention, in manufacturing method into 
which it lets fluidized silicon particles contact source gas which consists of 
silane gas, chloro silane gas, or these mixed gas, silicon formed by hydrogen 
reduction or thermal decomposition of this source gas on the above-mentioned 
silicon particle surface is precipitated, and silicon particles are grown up, silicon 
particles heated more than thermal decomposition temperature of source gas 
are led to non-heating region by which wall-surface temperature was controlled 
below the above-mentioned thermal decomposition temperature, and are 
contacted with the above-mentioned source gas in this region. 
Manufacturing method of grain shape silicon characterized by the above- 
mentioned is provided. 

Moreover, according to this invention, in manufacturing equipment which 
provides reaction vessel, means which carry out heat fluidization of the silicon 
particles with which inside of this vessel was filled, and supply means of source 
gas, this inside of vessel is divided by heating part and non-heating part, supply 
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aperture of source gas is arranged by this non- 
heating part. 

Manufacturing equipment of grain shape silicon characterized by the above- 
mentioned is provided. 

In the method of this invention, commercial high-purity silicon powder can be 
used as silicon particles (primary particle) with which flow reactor is filled. 
As source gas, monosilane (SiH4; it is roughly described as 4H), trichloro silane 
(SiHCIa; it is roughly described as 3CS), hexa chloro disilane (SiaCle; it is 
roughly described as 6CS), octa chloro tri silane (SiaCU; it is roughly described 
as 8CS), deca chloro tetra silane (SIaCIio; it is roughly described as IOCS). 
The above is used by itself respectively or mixed these. 

Moreover, in order to fluidize the above-mentioned silicon particles, fluidization 
gas which consists of inert gas of hydrogen gas or nitrogen, argon, and helium 
is introduced in the furnace. 

As for this fluidization gas, it is desirable that it is flow ratio 1-50 with respect to 
source gas. 

Fluidization gas is supplied in the furnace through dispersing_plate from furnace 
bottom, silicon particles with which it filled in the furnace by this are fluidized. 
Furnace interior is sectioned into heat region and non-heating region. 
Heat region is region where furnace interior is heated more than thermal 
decomposition temperature of source gas. 

Usually, preferably 500 degrees C or more are heated by 600 degree C-1100 
degree C. 

Non-heating region is region by which temperature of furnace wall is controlled 
below at the above-mentioned thermal decomposition temperature. 
Usually, 300 degree C-400 degree C maintains. 

Preferably, heat region and non-heating region are formed in the same furnace 
interior. 

Thereby, temperature decline while transferring heated silicon particles to non- 
heating region is avoided, and impurity mixing from piping which communicates 
both region is avoidable. 
Source gas is supplied to non-heating region. 

Any of fluidization gas, same direction, or reverse direction are sufficient as the 
inflow direction of source gas, or it may supply from side. 

Silicon particles fluidized by furnace interior are heated in heat region more than 
the above-mentioned thermal decomposition temperature, it is led to non- 



4/5/2005 



5/10 



(C) DERWENT 



JP1-208311 



TT HIO iVliS-O BSD 

OERWEisnr 



heating region by fluidization gas. 

Heated silicon particles are contacted with source gas in non-heating region, 
thermal decomposition or hydrogen reduction of source gas progresses on this 
silicon particle surface, and silicon which this formed precipitates on this particle 
surface. 

On the other hand, wall-surface temperature of non-heating region is controlled 

below at the above-mentioned thermal decomposition temperature. 

Therefore, silicon does not precipitate on this wall surface. 

Silicon particles contacted with source gas circulate to heat region again by 

fluidization gas, and the above-mentioned reaction process is repeated. 

As a result, silicon particles grow gradually and grain shape silicon with large 

particle diameter is obtained. 

Example of suitable manufacturing equipment for implementation of method of 
this invention is shown in FIG. 1 . 

Apparatus to illustrate is equipped with reaction vessel 10, fluidization means 
20, and source gas supply means 30. 

In example of apparatus shown in FIG. 1, lower part of reaction vessel 10 made 
from quartz tube (reactor) is heating part 11. 
The upper part is cooling part 12. 

Periphery of heating part 11 is surrounded by heating furnace 13, heating-part 
furnace interior is heated more than thermal decomposition temperature of 
source gas. 

On the other hand, forced-cooling means 14 are provided in periphery of 
cooling part 12. 

In addition, it may replace with forced-cooling means and cool means, such as 
radiating plate, may be prepared in cooling part periphery. 

Internal-wall-of-furnace surface temperature of cooling part is controlled by 
these cooling means below at the above-mentioned thermal decomposition 
temperature (specifically 400 degrees 0 or less). 

Furnace temperature is managed by thermo sensor 16 installed in heating part 
11 and cooling part 12, respectively. 

Fluidization gas supply line 11 connects with bottom part of reaction vessel 10 
through supply aperture. 

Dispersing_plate 22 is arranged above this supply pipe 21 . 

Supply pipe 31 of source gas pierced through dispersing_plate 22 from reaction 

vessel bottom part, and is prolonged in cooling part 12. 
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Atomic gas introduced in the furnace through this 

supply pipe 31 flows in the same direction as fluidization gas toward cooling 
part. 

Top part of reaction vessel 10 is enlarged so that silicon particles can be 
inserted easily in the furnace, exhaust tube 15 connects with this enlargement 
part through exhaust port. 

Unconverted gas is drawn outside through this exhaust tube 15. 

Grain shape silicon which reaction completed is taken out from exhaust outlet 

17 which dispersing_plate 22 prepared in a side direction. 

[EXAMPLES AND COMPARATIVE EXAMPLES] 

[EXAMPLE 1-12] Apparatus of this invention shown in FIG. 1 is used, reaction 
vessel (furnace diameter: 40 mm (PHI)) is filled with 500g silicon particle which 
carried out screening to 60 - 150 meshes beforehand, grain shape silicon was 
manufactured at this dawn according to method. 

Kind, the amount of silicon precipitate, etc. of manufacture conditions and 
source gas are shown in Table 1 . 

[COMPARATIVE EXAMPLE 1] Grain shape silicon was manufactured using 
conventional manufacturing equipment shown in FIG. 2. 

As for conventional manufacturing equipment to illustrate, cooling part is not 
formed in reaction vessel 10, the whole reaction vessel is heated by heating 
furnace 13. 

Moreover, source gas flows in the furnace through dispersing_plate 22 of 
furnace bottom with fluidization gas. 

Manufacture conditions, kind of source gas, the amount of silicon precipitate, 
etc. are shown in Table 2. 

[ADVASSITAGE OF THE INVENTION] According to manufacturing method of 
this invention, grain shape silicon of high purity can be manufactured with 
sufficient yield. 

Moreover, blockade of reaction vessel etc. is not produced at the time of 
manufacture. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] FIG. 1 is outline sectional 
drawing of manufacturing equipment based on this invention, FIG. 2 is outline 
sectional drawing of conventional manufacturing equipment. 
In the drawing, 10-reaction vessels, 11 -heating part, 12-cooling part, 20-source 
gas supply means, 30-fluidization means. 
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